BACKGROUND:
Patients who misuse alcohol are at increased risk for surgical complications. Four weeks of preoperative abstinence decreases the risk of complications, but practical approaches for early preoperative identification of alcohol misuse are needed. OBJECTIVE: To evaluate whether results of alcohol screening with the Alcohol Use Disorders Identification Test -Consumption (AUDIT-C) questionnaire-up to a year before surgery-were associated with the risk of postoperative complications. DESIGN: This is a cohort study. SETTING AND PARTICIPANTS: Male Veterans Affairs (VA) patients were eligible if they had major noncardiac surgery assessed by the VA's Surgical Quality Improvement Program (VASQIP) in fiscal years [2004] [2005] [2006] , and completed the AUDIT-C alcohol screening questionnaire (0-12 points) on a mailed survey within 1 year before surgery. MAIN OUTCOME MEASURE: One or more postoperative complication(s) within 30 days of surgery based on VASQIP nurse medical record reviews. RESULTS: Among 9,176 eligible men, 16.3% screened positive for alcohol misuse with AUDIT-C scores ≥ 5, and 7.8% had postoperative complications. Patients with AUDIT-C scores ≥ 5 were at significantly increased risk for postoperative complications, compared to patients who drank less. In analyses adjusted for age, smoking, and days from screening to surgery, the estimated prevalence of postoperative complications increased from 5.6% (95% CI 4.8-6.6%) in patients with AUDIT-C scores 1-4, to 7.9% (6.3-9.7%) in patients with AUDIT-Cs 5-8, 9.7% (6.6-14.1%) in patients with AUDIT-Cs 9-10 and 14.0% (8.9-21.3%) in patients with AUDIT-Cs 11-12. In fully-adjusted analyses that included preoperative covariates potentially in the causal pathway between alcohol misuse and complications, the estimated prevalence of postoperative complications increased significantly from 4.8% (4.1-5.7%) in patients with AUDIT-C scores 1-4, to 6.9% (5.5-8.7%) in patients with AUDIT-Cs 5-8 and 7.5% (5.0-11.3%) among those with AUDIT-Cs 9-10. CONCLUSIONS: AUDIT-C scores of 5 or more up to a year before surgery were associated with increased postoperative complications.
INTRODUCTION
Alcohol misuse is increasingly recognized as a common and modifiable risk factor for surgical complications.
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patients who drink over 4 drinks daily have 2-3 fold increased risk for postoperative complications compared to patients who drink less than 2 drinks daily. [4] [5] [6] [7] Alcohol misuse is associated with increased cardiopulmonary, infectious, wound, bleeding and neurologic complications. 8 One month of monitored preoperative abstinence significantly decreased postoperative complications in a randomized controlled trial of surgical patients who drank over 4 drinks daily; 31% versus 74% had any complication(s). 2 The duration of abstinence required to reverse alcohol's adverse physiologic effects varies from 2-8 weeks for different organ systems, 3 and a trial of brief alcohol interventions closer to the time of surgery found no benefit. 9 Therefore, prevention of alcohol-related surgical complications requires identification of high risk alcohol use earlier than most preoperative anesthesia visits, potentially when patients are referred for surgical consultation or scheduled for surgery. Early identification of patients who might benefit from preoperative abstinence requires a practical way to identify those at risk for alcohol-related surgical complications. However, simple questions about typical quantity and frequency of drinking are insensitive. 10 Although often recommended, 1 these and other unsystematically implemented or nonstandard alcohol assessments miss 50% of surgical patients with alcohol misuse. 11 One possible approach to early preoperative identification of alcohol misuse would be to use results of alcohol screening conducted as part of routine preventive care. This study evaluated whether results of alcohol screening with the AUDIT-C, administered up to a year before surgery, were associated with the risk of postoperative complications in men undergoing major noncardiac surgery in the VA.
METHODS

Study Sample and Data Sources
Male VA patients were eligible for this study if they underwent noncardiac surgeries assessed by the VA's Surgical Quality Improvement Program (VASQIP) between October 2003 and September 2006, and completed the AUDIT-C on the Survey of Healthcare Experiences of Patients (SHEP) in the 12 months prior to surgery (response rate 62.1% during study). Women were excluded because only 27 of 492 eligible had postoperative complications. Figure 1 shows other exclusions. Surgical data were obtained from VASQIP, which collects standardized preoperative, intraoperative and postoperative clinical data for patients who undergo major surgery in VA. Major non-cardiac surgery is defined as inpatient or outpatient surgery with significant operative morbidity or mortality, 12, 13 excluding coronary bypass, thoracic aortic great vessel procedures, or surgeries requiring cardiopulmonary bypass.
14 Each VA medical center that conducts major surgery has a VASQIP nurse who reviews medical records and assesses 30 day postoperative complications.
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The AUDIT-C and demographic covariates were obtained from SHEP, the VA's nationwide patient satisfaction survey, mailed monthly to a stratified random sample of outpatients with recent visits. 16 Additional administrative data were obtained from the VA National Patient Care Database (NPCD). The University of Washington and VA Puget Sound Human Subjects Committees and institutional review boards at coauthors' institutions approved the study.
Measures
AUDIT-C alcohol screening in the year prior to surgery. The primary independent measure was the AUDIT-C (Box 1), a validated screen for drinking above recommended limits and/ or alcohol use disorders. 17, 18 AUDIT-C scores (0-12 points)
were used as a scaled measure of risk with the a priori hypothesis that patients with the highest scores would be at highest risk for postoperative complications, and that nondrinkers would be at greater risk than low-level drinkers. [19] [20] [21] [22] AUDIT-C scores up to a year before surgery were used, consistent with the timeframe of annual preventive screening. AUDIT-C scores were grouped into 5 empiricallydefined surgical risk groups for ease of reporting and increased precision (described below).
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Secondary alcohol screening measures. Drinking over 2 drinks daily is commonly used to assess alcohol misuse preoperatively, 8 whereas single-item screening questions about episodic "binge" drinking, including AUDIT-C question #3, have been validated as brief alcohol screening tests. 17, [24] [25] [26] [27] To evaluate whether either of these brief alcohol screening approaches was associated with the risk of postoperative complications, two additional alcohol screening measures were derived from the AUDIT-C: 1) drinking over 2 drinks most days (≥ 4 days/week) on questions #1-2; and 2) the frequency of drinking 6 or more drinks on an occasion on question #3 (Box 1). Delirium was ascertained as a secondary outcome from the NPCD based on ICD-9 discharge or outpatient diagnoses in the 30 postoperative days. Postoperative delirium occurs in 9-11% of surgical patients and is increased in patients who use and abuse alcohol. [32] [33] [34] [35] VASQIP does not monitor alcohol withdrawal and the ICD code for withdrawal (291.81) was expected to be too insensitive to use as an outcome.
Covariates. Covariates included age, race and marital status from SHEP, disability due to military service from NPCD, and time from AUDIT-C to surgery. Cigarette smoking status in the past year, 36 the American Society of Anesthesiologists classification (ASA class) documented by anesthesiologists, and the surgical facility were obtained from VASQIP. Additional covariates were selected from 45 pre-operative measures collected by VASQIP that have demonstrated superiority over other measures for surgical riskadjustment. 37 The Deyo index was constructed based on pastyear inpatient and outpatient NPCD ICD-9 codes and used to further adjust for comorbidity. 38 Relative value units (RVUs) of the primary procedure were used to adjust for surgical complexity.
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Box 1. AUDIT-C questionnaire on SHEP
AUDIT-C question #1: "How often did you have a drink containing alcohol in the past 12 months?" with response options "Never (0 points), Monthly or less (1 point), 2-4 times a month (2 points), 2-3 times a week (3 points), and 4 or more times a week (4 points)."
AUDIT-C question #2: "How many drinks containing alcohol did you have on a typical day when you were drinking in the past 12 months?" with response options "0 drinks (0 points), 1-2 drinks (0 points), 3-4 drinks (1 point), 5-6 drinks (2 points), 7-9 drinks (3 points) and 10 or more drinks (4 points)."
AUDIT-C question #3: "How often did you have 6 or more drinks on an occasion in the past 12 months?" with response options "Never (0 points), Less than monthly (1 point), Monthly (2 points), Weekly (3 points) and Daily or almost daily (4 points)."
AUDIT-C scores are the sum of points from each question (range 0-12 points). Surgeries were classified as emergent based on VASQIP criteria, and grouped into five categories for descriptive purposes based on primary Common Procedural Terminology (CPT) codes.
Analyses
Descriptive analyses evaluated characteristics of the study sample. Five AUDIT-C surgical risk groups were derived empirically based on the adjusted prevalence of postoperative complications associated with each AUDIT-C score (0-12), estimated from multivariable random effects logistic regression models that included a random facility effect and adjusted for age, smoking and time from AUDIT-C to surgery (See online Appendix A). [19] [20] [21] [22] The resulting AUDIT-C surgical risk groups
were AUDIT-C scores: 0 (nondrinkers); 1-4 (low risk); 5-8 (moderate risk); 9-10 (high risk); and 11-12 (highest risk). Unadjusted analyses and two sets of adjusted analyses estimated the prevalence of any postoperative complication(s) across AUDIT-C surgical risk groups. Both sets of adjusted analyses used multivariable random effects logistic regression to test whether AUDIT-C surgical risk groups were associated with postoperative complication(s), accounting for correlated data from the same facility. Patients who reported low-level drinking were designated the referent group a priori because nondrinkers in VA have poorer health status and greater morbidity and mortality. 19, 21, 40 Analyses of the two secondary alcohol screening measures derived from the AUDIT-C were conducted in parallel fashion. The first set of models (Model 1) assessed associations between AUDIT-C screening measures and postoperative complications, adjusting for age, smoking, and time from AUDIT-C to surgery, because both age and smoking are strong confounders of the association between alcohol use and health, making unadjusted associations difficult to interpret. Results of Model 1 provide information that can be used to educate patients and providers about surgical risks associated with varying AUDIT-C scores after accounting for these confounders.
The second set of fully-adjusted models (Model 2) added the following covariates to Model 1: ASA class; the Deyo comorbidity index; RVUs; and 11 preoperative VASQIP variables associated with the AUDIT-C (p<0.05) and with postoperative complications (p<0.2) in a forward stepwise logistic regression model. Model 2 sought to assess the independent association between AUDIT-C scores and postoperative complications but included covariates which could be in the causal pathway between alcohol misuse and postoperative complications (e.g. elevated GOT), potentially "over-adjusting."
Analyses of secondary outcomes (subtypes of VASQIP complications and delirium) were conducted in a parallel fashion to Model 1, but not Model 2 due to smaller numbers of outcomes. For delirium, the two highest AUDIT-C risk groups were collapsed into a single group due to relatively few patients with documented delirium.
Exploratory analyses tested whether there were significant interactions between AUDIT-C surgical risk groups and the following covariates in Model 1: age (< 50; 50-64; ≥ 65), time from AUDIT-C to surgery (< 4 months; 4-8 months; > 8 months), RVUs in terciles, and inpatient versus outpatient surgeries.
All analyses were conducted using STATA 10.
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RESULTS
A total of 9,176 men completed the AUDIT-C on mailed surveys in the year prior to surgery and were eligible for this study (Fig. 1) . Most were over 60 years old (mean age 64; range 21-90+ years), non-Hispanic White, and married or widowed. Surgeries were conducted at 106 VA facilities, most often for gastrointestinal or musculoskeletal conditions. Most patients were classified as ASA class 3, and fewer than a third smoked cigarettes (Table 1) . Of the total sample, 16.3% (95% CI 15.6-17.1%) screened positive for alcohol misuse with AUDIT-C scores of 5-12, 8.3% (7.8-8.9%) reported drinking over 2 drinks most days, and 22.6% (21.8-23.5%) reported drinking 6 or more drinks on an occasion in the past year (Table 1) . Patients who screened positive for alcohol misuse with AUDIT-C scores ≥ 5 were younger, less likely to be married or widowed, more likely to be divorced or separated, less likely to be disabled due to military service, and more likely to smoke, compared to drinkers with lower AUDIT-C scores (See online Appendix B). Those who screened positive for alcohol misuse with AUDIT-C scores 9-12 had greater comorbidity than drinkers with lower AUDIT-C scores (See Online Appendix B).
AUDIT-C Scores and Postoperative Complications
Overall, 718 (7.8%; 7.3-8.4%) patients had one or more postoperative complications, and AUDIT-C scores were significantly associated with the risk of complications (p<0.0005). The unadjusted prevalence of complications (Table 2) was lowest among patients with AUDIT-C scores 1-4 (6.3%) and highest among those with AUDIT-C scores 11-12 (14.4%).
Adjusted prevalence rates of postoperative complications across the AUDIT-C groups were similar to unadjusted prevalence rates (Table 2) after adjustment for age, smoking, and time from the AUDIT-C to surgery (Model 1). There were no significant interactions between AUDIT-C surgical risk groups and age, RVUs, or inpatient surgery, but there was a nearsignificant interaction with time from AUDIT-C to surgery (< 4 months; 4-8 months; ≥ 8 months; p=0.051), with higher risks associated with alcohol misuse when there was less time between AUDIT-C screening and surgery.
In the fully-adjusted model (Model 2), the estimated prevalence of postoperative complications was lower in all AUDIT-C groups than in Model 1, with the risk most attenuated among patients with higher AUDIT-C scores (Fig. 2) . However, significant associations between alcohol misuse and postoperative complications persisted, with the exception of the relatively small group of 132 patients with AUDIT-C scores 11-12 (Table 2) .
Specific Types of Complications
Three subtypes of complications-surgical field complications, infections other than SSI, and cardiopulmonary complications-had a similar dose-response pattern of risk to that observed for all complications combined (Table 3 ; See Online Appendix C). Compared to low risk drinkers, patients with AUDIT-C scores ≥ 5 were at increased risk for surgical field and cardiopulmonary complications, and patients with scores ≥ 9 were at increased risk for infections (Table 3) .
Patients with AUDIT-C scores 5-8 were also at increased risk for postoperative delirium compared with low risk drinkers (Table 3 ; See Online Appendix C). There was no increased risk of delirium among patients with AUDIT-C scores 9-12 in whom delirium was relatively uncommon, with only 14 of 390 patients in this group having postoperative delirium.
Secondary Screening Measures Derived from the AUDIT-C
Patients were at increased risk for postoperative complications if they reported drinking over 2 drinks most days (Table 2) . However, drinking 6 or more drinks on an occasion weekly or less often was not associated with increased risk (Table 2) , and this lack of association persisted when nondrinkers were excluded from the referent group of patients who never drank 6 or more drinks on an occasion (data not shown).
DISCUSSION
This study found that male VA patients who screened positive on the AUDIT-C with scores of 5 or more up to a year before major surgery were at increased risk for postoperative complications compared to low risk drinkers. There was a dose-response relationship between AUDIT-C scores and postoperative complications, with complications increasing from 5.6% among low risk drinkers to 14.0% among those with the highest AUDIT-C scores, in analyses adjusted for age, smoking, and time from screening to surgery. Three types of complications known to be associated with alcohol misuse increased as AUDIT-C scores increased: surgical field, infectious, and cardiopulmonary complications. After adjustment for preoperative comorbidity and surgical complexity, patients with AUDIT-C scores of 5 or more had a 40-50% increased risk of postoperative complications.
Findings of this study are consistent with extensive prior research demonstrating a strong association between alcohol misuse and postoperative complications. 3 Both heavy daily drinking (> 2-4 drinks/day) and alcohol use disorders are known to be associated with increased surgical complications. [3] [4] [5] [6] [7] [8] 31 This study extends prior research in several important ways. Clinicians and researchers need a practical, yet sensitive test to identify patients at risk for alcohol-related postoperative complications, and this study suggests that the AUDIT-C could meet that need. Directly asking patients if they drink over 2 or 4 drinks/day misses many patients with alcohol misuse who might benefit from preoperative alcohol abstinence. 3, 7, 8 47 This study showed that the AUDIT-C, which is as effective an alcohol screen as the full AUDIT 17, 18, 48 but brief enough for integration into routine care, 23, 49 could be used to identify patients at risk for alcohol-related postoperative complications. Further, the AUDIT-C identified almost twice as many patients (16.3%) compared to report of typical drinking over 2 drinks daily (8.3%). Moreover, patients who screened positive on the AUDIT-C were at increased surgical risk even though the screen was administered up to a year prior to surgery, suggesting that annual AUDIT-C screening results could be used for early preoperative identification of patients at risk for alcohol-related surgical complications. The finding that episodic heavy drinking was not associated with increased risk of surgical complications was unexpected and has important implications. Validated single-item alcohol screening questions that ask about heavy episodic drinking are increasingly recommended for alcohol screening. [24] [25] [26] This study suggests that these screens are not effective for identifying patients at risk for alcohol-related surgical complications. 24 This study has several limitations. The AUDIT-C was administered on confidential mailed surveys which may yield higher scores than screening in clinical settings. 50 Although the fully-adjusted model controlled for extensive covariates, residual confounding is possible. For example, if patients with alcohol misuse were more likely to have high risk surgical procedures, after adjustment for RVUs, study findings could be confounded by the type of procedure. Furthermore, the main outcome measure combined complications of varying clinical importance. In addition, 9% of patients were excluded due to non-response, potentially decreasing generalizability since surgical risks may differ for non-respondents, who tend to be younger. Similarly, the study included predominantly older men, and thus is not necessarily generalizable to women or younger men. Additional research is needed to verify AUDIT-C surgical risk groups when screening is conducted in clinical settings, and to evaluate associations between the AUDIT-C and postoperative complications in more demographically diverse samples with higher response rates, and in patients undergoing the same surgical procedure. Despite these limitations, this study has several important strengths. The AUDIT-C was administered in a standard fashion and was available for a large, national sample of men who completed alcohol screening in the year prior to surgery. Additionally, assessment of outcomes was standardized and abstractors were blinded to AUDIT-C results and unaware of this study.
This study has several implications for general medicine practice. Health care systems are increasingly implementing alcohol screening so that patients with alcohol misuse can be offered brief alcohol interventions. 23, 49, 51 Routine AUDIT-C screening could also be used for early identification of patients at risk for alcohol-related surgical complications. Health systems using the AUDIT-C could incorporate review of alcohol screening results into surgical referrals or nursing assessments when surgery is scheduled. Patients with scores ≥ 5 whose drinking has not changed at the time of referral to surgery could be counseled that their drinking puts them at increased risk for serious complications and encouraged to abstain preoperatively. Available evidence from a single trial suggests that abstaining for a month preoperatively significantly reduces postoperative complications. 2 The high participation rate in that trial 2 suggested that many patients are willing to abstain temporarily in an attempt to decrease surgical risks.
To summarize, the AUDIT-C provides a sensitive and practical way to identify preoperative patients at risk for alcohol-related surgical complications. Alcohol screening with the AUDIT-C up to a year prior to surgery, as in routine annual alcohol screening, identified over 16% of men undergoing major surgery who were at increased risk for alcohol-related surgical morbidity. Preoperative strategies to reduce alcohol-related surgical complications should now be further tested in this high-risk group. In the meantime, patients with AUDIT-C scores ≥ 5 should be encouraged to abstain for the month preoperatively, and those requiring urgent or emergent surgeries should be managed expectantly with regard to postoperative complications.
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